Footprint noise triggered by acquisition can generate artifacts which suppress the real subsurface features. The repeatable patterns of acquisition footprint are often the bane of seismic interpreters, consequently, it should be removed before seismic interpretation and imaging. According to the analysis by Douze and Laster (1979) on the significance of velocity -based semblance, we use the statistical significance of coherence instead of coherence, to preserve structural edge while applying structure-oriented filtering.
Introduction
Seismic attributes have been used to accelerate interpretations since their inception. Volumetric dip and azimuth volumes can be very valuable interpretation tools (e.g. Chopra and M arfurt, 2007, Lin et al, 2014) , and are the foundation of structurally driven seismic attributes. Luo et al., (2002) , applied multiple analysis windows (Kuwahara et al., 1976) to generate an edge-preserving smoothing algorithm. Anisotropic diffusion, pioneered by Weickert (1998) , was introduced to do oriented filtering Hoecker, 2003, M arfurt, 2006) . The default structure-oriented filter is an all-pass filter in the frequency domain, ranging from 0 Hz to Nyquist. Helmore (2009) proposed a slightly different workflow that used a single dip -azimuth computation from the broadband data, but applied structure-oriented filtering to a suite of band-pass filtered seismic amplitude data. As in conventional singletrace spectral balancing, each output pass-band could be boosted to a common output level if desired. Semblance and other coherence measures are routinely used in edge-preserving structure-oriented filtering (Hoecker and Fehmers, 2002; M arfurt, 2006) . The accuracy and resolution of such measures depends on the bandwidth of the data, the signal-to-noise ratio and the size of the spatial and temporal analysis windows used in their numerical estimation, which is described by Douze and Laster (1979) .
Coherence and its statistical significance
Taner and Koehler define the semblance, s(t), of a collection of J seismic traces uj(tk) within a 2K+1 sample vertical analysis window to be the ratio of the energy of the average trace to the average energy of the individual traces. Generalizing the energy to be the square of the complex trace envelope, this measurement is:
where the superscript H denotes the Hilbert transform, αk the weights applied to the k th sample and βj the weights applied to the j th trace. Traditionally, each trace is weighted by the same values, αk=1 and βj=1/J; however, our data adaptive coherence algorithm (Lin, 2014) , modifies the weights to provide a temporal and lateral continuum of semblance windows that is proportional to the mean frequency of the data within a given region.
According to Douze and Laster's (1979) equations for Semblance, we can apply the approximation to the F-statistic with 1 and 2 degrees of freedom and non-centrally parameter λ (Blandford, 1974) :
where:
where is the bandwidth of the signal in Hz, is the signal to noise ratio.
By applying equation (1) to equation (2), separately, we can get the relationship between semblance and F-statistics.
Edge-preserving structure-oriented filter M arfurt (2006) built on Luo et al.'s (2002) Kuwahara algorithm to implement a robust volumetric dip and azimuth calculation that avoided smearing of faults, fractures and other discontinuities using an overlapping window method. This technique along with the seismic data input can be used to implement volumetric filters based on mean, median, α-trimmed mean or principal component algorithms. Rather than using a centered analysis window, the algorithm uses the most coherent window containing each analysis point, hence enhancing the lateral resolution near discontinuities and reducing both random and coherent noise (M arfurt, 2006 ).
In the current implementation of the program, we've implemented components of the Fehmer's and Hoecker (2003) workflow. If the value of the similarity attribute at the analysis point falls below the threshold indicated by, < , no filtering takes place and the filtered data are assigned weights of =0.0. If the value of the similarity attribute at the analysis point falls above the threshold, > ℎ ℎ , the filtered data are assigned weights of =1.0 such that the filtered data replaces the original data on output.
If the value of the similarity attribute at the analysis point falls between the two values the weights of the filtered data are = − ( ℎ ℎ − )
, and a linearly weighted average of the filtered and unfiltered data = * + (1 − ) * , takes place. We apply the significance analysis of similarity (coherence) to a 3D seismic volume of Westcam survey, which is characterised as a channel reservoir. Specifically, the two color 'ramp' points to be and ℎ ℎ . Then set the color to be white if > ℎ ℎ , black if < and shades of gray if < < ℎ ℎ . The clearer suppression for the footprint noise. Furthermore, according to the definition of the significance of the coherence, it shows us the statistical conclusion, which holds physical meaning. , it is almost removed in (c). The yellow arrows indicate the reminent footprint noise which can not be removed, this is because the values of the similarity (coherence) as well as significance of the artifacts in the zones pointed to by yellow arrows are similar t o the stratigraphic features, which makes it hard to distinguish them. We have to keep the artifacts features in order to not remove real features. Figure 4 indicates the rejected noise slice of the output (filtered) seismic time slice using structure-oriented filtering based on (a) similarity and (b) statistical significance of coherence. The sturcture-oriented filtering does a good job in removing the South-North direction footprint, however, some fault plane reflections (green arrows) that conflict with the dominant dipping reflectors are also removed. M ore noise is removed in (b) (blue arrows) when compared to the results of (a).
Application

Conclusions
Footprint noise due to the acquisition suppresses stratigraphic features, and can easily result in pitfalls during seismic interpretation. Structure-oriented filtering is a useful tool to remove the acquisition footprint artifacts. The weights, , in structureoriented filtering are highly important for the filtered results, which is used to preserve the geological features as well as removing the footprint artifacts. Compared to the conventional weight values from similarity (coherence), the introduction of statistical significance of coherence to the structure-oriented filtering gives us a better filtered results. And the significance of coherence perserves the physical meaning.
